During March, April and May 2007 the local newspaper for the island of La Réunion, "Le Journal de L'Ile de La Réunion" (JIR), published 427 articles relating to natural hazards, with hazard-related articles occupying a total paper area of 21.94 m 2 and appearing in all but four of the 90 editions of the newspaper. This high level of coverage was due to the passage of two cyclones in March, the largest historical eruption of Piton de la Fournaise in April, and a major rock fall event in May. The high level of coverage may also be due to the fact that JIR is a tabloid that follows tabloid news values. Cyclones, volcanic eruptions and rock falls fit the news values of a tabloid well, especially when the stories involve the power elite, feature stories of human interest, include surprise elements and rescues, and are of high impact, especially to the local population. Disasters also provide spectacular imagery and the opportunity for eye-catching headlines, which is another element of the tabloid format. These key parameters thus all flag stories about natural hazards and, in particular, volcanic eruptions as being newsworthy for a tabloid. Of the page space devoted to natural hazards, 9.24 m 2 (42%) were set aside to reporting of volcanic activity, specifically the April 2007 eruption of Piton de la Fournaise. We completed a content analysis of these reports to understand the quality of information disseminated to the readership and to extract data regarding the impact of the eruption on local communities. We found the information to be of extremely high quality, with lava reporting being the most important issue covered by page area, mostly due to its photogenic nature. If we consider textdominated reports, and exclude photo-montages, then the order of importance in terms of space set aside to reporting of a particular theme becomes: (i) general eruption details; (ii) summit collapse; (iii) lava flows; (iv) evacuation; (v) gas; (vi) ocean-entry; (v) air fall; (vi) vegetation fires (lit by lava contact); and (vii) volcano-seismicity. As the eruption and the nature of the hazard evolved (from lava flow through air-fall and gas, to summit collapse and ocean-entry) so too did the focus of the reporting. Once the eruption had finished, emphasis shifted from the hardships of the impacted community to sightseeing and tourism. We found that the quality of the reporting resulted from the use of journalists who were specialized in their reporting areas and who therefore knew the background and the correct sources to seek out for information. This shows that a well-informed journalist can be (i) a means to disseminate information and educate an impacted population, and (ii) a source of information for the volcanologist regarding societal impacts of, and population responses to, natural hazards.
Introduction
The local newspaper can be regarded as an enormous database (Mathien 1986 ) that contains information regarding the type, location, time and duration of natural hazards occurring in the newspaper's catchment (e.g., Guzzetti et al. 1995 Guzzetti et al. , 2003 Hilker et al. 2009; Petrucci et al. 2010) . The newspaper content also contains details regarding damage and loss. As a result, Russell Blong's source book on volcanic hazard (Blong 1984) , for example, draws heavily on information contained in newspaper reports to document societal impacts of eruptive events. The newspaper also records scientific, governmental, service-provider, responder, and community actions, responses and reactions during a volcanic emergency (Harris et al. 2012 ). However, agenda-setting, spin and framing are all part of creating the news (Cohen, 1963; McCombs and Shaw 1972; McCombs 2014a, b; Vu et al. 2014 ). The result is exaggeration and omission so as to set the agenda, as well as to introduce bias through placement of material, use of source, selection of data and preference of data use (Harris 2015a) . We also need to be wary of the quality, reliability and validity of information introduced to the data as it flows from its sources, through the newspaper 'filter' , to the reader (Harris 2015a) , and be aware of error and credibility (Maier 2005) . The overall result is the question: does the newspaper provide a realistic or sensationalist information source?
The credibility problem has become worse over the last 40 years due to the entrenchment of the tabloid culture (e.g., Conboy 2011; Davies 2009; Watson and Hickham 2010) . The tabloid format has been defined by Conboy (2004) as involving an increase in news about "celebrities, entertainment, lifestyle features, personal issues", an increase in "sensationalism" and a convergence on agendas of "popular" and, in particular, "television" culture; which are all placed in an "easy-to-consume" format (Rooney 2000) . Because many newspapers now follow this format, this will mean that today:
i. Space devoted to reporting tabloid news values will be maximized at the expense of space devoted to reporting of public affairs (Conboy 2004) , and ii. Issues of exaggeration, placement, selection, preference, as well as objectivity, accuracy, error and credibility will have to be carefully assessed (Harris 2015a ).
On the positive side, because a natural hazard is a sensational event which suits the "sledgehammer headline, big photograph" with "human interest story" format of the tabloid (Horrie 2003) , we may find greater quantities of reporting on high-impact and spectacular natural hazard events in the tabloid.
Content analysis is a means to complete an "objective, systematic, and quantitative description" of an event (Berelson 1952, p. 18) , thereby allowing extraction of facts from the media content (Neuendorf 2002) . We refer the reader to Neuendorf 2002 for an authoritative definition of content, content analysis, its inherent methodologies and types of data that can be extracted, as well as the classic texts of Holsti (1969) , Krippendorff (1980) and Weber (1990) . We here carry out a content analysis that involves implementation of a three-step methodology that allows newspaper content to be analyzed and used during a disaster (specifically, a volcanic eruption). In step 1 we define the quantity, type, and quality of information delivered, allowing an assessment of the effectiveness of the source as a means of correctly communicating and retrieving information regarding the natural hazard, as well as event impact and response. In this regard, media reporting can be viewed as a key means to educate a population allowing it to better prepare for, and respond to, a natural hazard (Coppola 2015) . In step 2, we assess whether the newspaper format is tabloid. From the point-of-view of the volcanologist this is important because, if a volcanic event is deemed newsworthy for the tabloid, then the event will be reported, and hence information will be disseminated. Finally, in step 3, we use the newspaper content to build a database regarding the impacts of the event on the impacted population, as was done for example by Blong (1984) for volcanic hazards and by Sterling (1997) and Séchet (2004) for weather-related hazards, thereby creating a timeline for the societal impacts of the natural hazard. Understanding how information is filtered and represented informs on how we can interact with the media to maximize the effectiveness, and correctness, of the message delivered.
To complete our analysis we selected three months of reporting in "Le Journal de L'Ile de La Réunion" (JIR) before, during and after the April 2007 eruption of Piton de la Fournaise (La Réunion, France) . Founded in 1951, JIR currently costs 1.2 euro and is widely available across La Réunion (https://www.clicanoo.re/). JIR's main competitor is Le Quotidien (http://www.lequotidien.re/), which also costs 1.2 euro and was founded in 1976. Unfortunately, neither newspaper is part of the Alliance pour les Chiffres de la Presse et des Medias (ACPM), the French agency responsible for collating newspaper readership statistics (http://www.acpm.fr/Chiffres), so we have no figures for the distribution of these two newspapers. We selected the April 2007 eruption because it was the most important historic eruption of Piton de la Fournaise in terms of magnitude and intensity ), it presented an array of volcanic hazards (lava flows, air fall, gas, ocean entry of lava flows and bench collapse, and pit crater collapse), and it resulted in evacuation of the village of Le Tremblet (Fig. 1 ).
The eruption also occurred alongside other high impact hazards including the passage of a tropical cyclone in March and a rock fall event in May that (like the eruption) blocked the island belt road, this being "Route National 2" (RN2)-the main road that parallels the coast around the island and which links all coastal communities. Herein we use the acronym OVPF for the Observatoire Volcanologique du Piton de la Fournaise, the volcano observatory charged with monitoring Piton de la Fournaise , and all locations are marked on Fig. 1 .
Natural hazards impacting La Réunion during March-May 2007
The April 2007 eruption was the largest historical eruption of Piton de la Fournaise. It had a sub-aerial lava volume of 110-140 × 10 6 m 3 and a near-shore submarine volume of 90 × 10 6 m 3 (Bachèlery et al. 2010) , with the 29.6 day eruption duration (Roult et al. 2012 ) giving a mean output rate 84 ± 6 m 3 s − 1 (Rhéty et al. 2017 ). The April eruption was the third eruptive event of 2007, the first event having occurred during 18-19 February.
The February eruption lasted nine hours during which time 0.4 × 10 6 m 3 of lava was erupted, largely into the floor of the Dolomieu crater ( Fig. 1) , with a small lava flow being emplaced high on Dolomieu's east flank (Staudacher et al. 2008) . A second event began on 30 March from an eruptive fissure located on the SE flank of the Dolomieu cone, at 1900 m above sea level (asl) (Fig. 1) . This event lasted 10 h and emitted less than 106 m 3 of lava (Staudacher et al. 2008; Roult et al. 2012 ). The third eruptive event of 2007 began on 2 April at 10:00 (all times are local: GMT + 4) from a point 300 m from the southern edge of the Enclos Fouqué caldera at 590 m asl (Staudacher et al. 2008 ). This event is today recognized as the re-activation of the 30 March event (Roult et al. 2012; Froger et al. 2015) . Lava began to enter the ocean (3 km from the vent) 11.5 h after the beginning of the eruption , with channel-fed flows of 'a'a cutting the RN2 (2 km from the vent) at 15:15 (Staudacher et al. 2008) . Eruption intensity reached a maximum on 6 April when lava fountains reached 200 m in height, effusion rates peaked at 200 m 3 s − 1 , and channel-fed Labelling of 'L'Enclos' is based on the geographical location terms used by the newspapers and locals and refers to the entire caldera. It thus includes L'Enclos Fouqué (upper part of the caldera), Les Grandes Pentes (middle part) and Le Grand Brûlé (coastal part) lava flow extended to the ocean where they began to build a bench (Fig. 1) . The final 16 days of effusion involved emplacement of channel-fed 'a'a on the south-eastern side of the flow field at lower effusion rates (Rhéty et al. 2017 ) and diminished gas fluxes (Tulet and Villeneuve 2011) . After 14 April a lava tube also became well-established down the southern margin of the flow field close to the caldera wall (Rhéty et al. 2017 ). This fed ocean-entry lava flow continuously until the end of the eruption ). Activity continued in this style until 20:00 on 1 May, when the eruption ended, the thickness of the lava flow field over the RN2 having reached 50 m ). La Réunion was also impacted by three cyclones, flash floods, high waves, landslides and rock falls in the months before and after the April 2007 eruption. Classified as a tropical cyclone, the equivalent of a category 1-to-2 hurricane (Burt 2007) , Gamède made two approaches to the island of La Réunion. During the first passage on 24 February, Gamède passed around 200 km northwest of the island bringing heavy rains and winds that peaked at 167 km/h (Météo-France 2007). The second passage occurred on 27 February when Gamède moved to a position 250 km west of the island while the cyclone was moving south. Only on the morning of 28 February did conditions improve across the island as the system moved away to the southwest (Quetelard et al. 2008) . The maximum 24-h rainfall recorded on the island during Gamède's passage was 1625 mm, with the 48-h amount of 2463 mm being just 3 mm short of the world record, and the 72-h amount (3929 mm) breaking the world record by 689 mm (Météo-France 2007). Damage was major and widespread:
The main-road bridge linking Saint-Louis-SaintPierre and the north of the island was washed out (Verrière 2007) ; Numerous other roads were cut by flooding (JIR, 26 February 2007, no. 18,312, p. 9) ; Electricity, water, and phone lines were cut for 80,000 households (Técher 2007) ; The airport was closed and all flights grounded (Dupuis 2007a) ; and Two deaths were recorded (JIR, 1 March 2007, no. 18,315, p. 13) .
Isolated looting was reported during the red alert phase of the cyclone (JIR, 10 March 2007, no. 18,324, p. 9) . As of 4 March, 33,500 households were still without water (JIR, 4 March 2007, no. 18,318, p. 11) , and continued high stream levels caused a further drowning on 10 March (Lenormand 2007) . By 13 February damage to agriculture was estimated at 12 million euro (Lutton 2007a) , causing subsequent inflation of fresh produce prices by 16.2% (Anon 2007a ), On 15 March a second cyclone, Indlala (with wind-gusts of up to 230 km/h), was reported as approaching NE Madagascar (JIR, 15 March 2007, no. 18,329, p. 6) . As of 22 March, 90% of the Sofia region of Madagascar was reported as flooded with 21 dead and 17,000 buildings damaged, prompting aid from La Réunion (JIR, 22 March 2007, no. 18,336, p. 25) . Then, on 31 March, a third cyclone (Jaya) was reported 650 km north of La Réunion and on course for a second Madagascar landfall (JIR, 31 March 2007, no. 18,345, p. 9) . In addition, on 7 May a 3000 m 3 rock fall occurred on the main NW-coast road into the island capital, St. Denis (JIR, 8 May 2007, no. 18,382, p. 6) . During May, large swells also affected the shores of La Réunion, with waves of up to 7.4 m causing extensive littoral damage, evacuations and two deaths on La Réunion's south coast (JIR, 8 May 2007, no. 18,382, p. 5-15) .
Methods
Between 1 March and 31 May 2007 we collected all copies of the JIR available in PDF format on http://www.clica noo.re/Journal-en-pdf-archives.html (as of 29/05/2018: https://www.clicanoo.re/rechercher?combine=archives). This amounted to a total of 91 issues of the newspaper (note that the issue of 1 May was not published due to a bank-holiday). First, all articles related to hazard were located using the following search strings:
1. "Cyclone" for reporting on cyclone hazard; 2. "Crue" or "innondation" (both meaning flood) for flash flood hazard; 3. "Houle" (swell) and "vague" (wave) for ocean hazard; 4. "Eboulement" (landslide) for rock fall hazard; 5. "Volcan" (volcano) for volcano hazard.
For cyclone and volcano hazard, the search was double checked with a string containing the cyclone name ("Gamède", "Indlala" and "Jaya") or the volcano name ("Piton de la Fournaise"), for the two hazards respectively. If the primary theme of the article was the impact of the on-going event, response to it and/or information to aid in understanding the event, then the article was saved. Selected articles were then assigned one of four hazard theme tags:
1. Cyclone and flash flood (C&ff ); 2. Storm waves and swell (Wav); 3. Land slide and rock fall (RF); and 4. Volcano (Volc).
Cyclone and flash flood were included as one group because the two were difficult to separate, flash floods being a secondary effect of the Cyclone. The volcano category was split between reports of eruptive events at non-French volcanoes (Volc-nonF) and local activity at Piton de la Fournaise (Volc-PdlF), where rock falls within the Cratère Dolomieu associated with volcanic events, such as crater collapse and instability, were placed in the Volc-PdlF class rather than the RF class.
Content analysis
For each article the date, page number, text and image area were recorded. We use area here because this includes the entire content (titles, words and imagery), and is thus the standard measure used in content analysis (Neuendorf 2002 ). As we argue in Part 2 of this work (Harris and Villeneuve, this volume) minimal use of text may be favored to enhance message delivery, and imagery is a major feature of the tabloid format (Horrie 2003) . Thus, using word counts will likely give a significant under-estimate of the news space devoted to the hazard. However, we do consider (and measure) text and image space separately to allow partitioning of the relative importance of text and imagery in delivering the news.
For Piton de la Fournaise-related hazards, each article was also coded according to the dominant volcanic-hazard reported. These were split into five classes:
1. Lava (LAV); 2. Air Fall (AF); 3. Volcano instability and collapse, including pit-crater collapse (IC); 4. Gas and atmospheric effects (GA); or 5. Ocean entry effects (OE).
Eruption (E) was set up as a sixth class into which general information related to the eruptive activity was placed, such as descriptions of seismic events, vent opening or general descriptions of eruptive activity. Within this class a sub-category, "evacuation" was also broken out (E-EVAC).
For each article we extracted all numeric, temporal and locational details contained within the text, recorded all named information sources (including quote providers), and transcribed text recording volcanic hazard descriptions, explanations or warnings. Quote providers were assigned to one of five categories: including entrepreneurs and business people (including in agriculture, fishing and tourism industries) impacted by the event. 5. Population (P), a group that was split between residents of the zone at risk (P-R) and visitors (P-V), i.e., sightseers and tourists.
Article authors, i.e., the journalists responsible for a report, were assigned letters. These were assigned in the order with which their articles appeared. That is, the letter (A) was assigned to the reporter credited with writing the first article in the study period, with subsequent letters being assigned as new reporters contributed. If no author was given, then the article author was assigned "anon."
Tabloid test
A news value is a theme that determines whether or not an item qualifies for publication in a newspaper (Harcup 2009 Natural hazards, especially volcanic eruptions, meet many of these tabloid news values, meaning that a tabloid will likely report on the event. Thus, we carried out a test to assess whether the JIR was tabloid or not, and-if so-to determine whether there was an influence on the quantity and quality of material appearing.
To do this, we assessed the content of JIR on each Sunday of March 2007. Coding was completed using the page as a unit, where each page was classified based on the dominant news value of the main article on each page. With no exceptions, the theme of the main piece reflected that of all reports appearing on the whole page. To simplify the results, coded classes were then grouped into six main categories:
1. News: Any article devoted to current local, regional, national, European or world events, whether good or bad or follow-up (i.e., Harcup's values 7, 8, 9, 10, 11 and 12 
Results

Content analysis
A total of 274 non-volcanic hazard-related articles and 153 Piton de la Fournaise-related articles were identified, with at least one of the four hazard classes (cyclones and flash floods, waves, rock falls and landslides, and volcanic) being reported during all study days except five (7, 23, 29 and 31 May, plus 25 March) . Of the 90 issues of JIR studied published over the three-month long study period, hazard-related articles occupied a total paper area of 21.94 m 2 . This means that around 5% of the total area of paper printed during March, April and May 2007 was related to natural hazards, representing a hazard-related news-feed of 0.24 m 2 of information per day. Of the four hazard classes, cyclones and flash floods were the most reported events, then volcanic events, waves and rock falls (Fig. 2) . Non-local hazards (i.e., hazards occurring beyond La Réunion) were only reported on six days across nine reports (Fig. 3 ). These were all volcanic events and accounted for just 0.6% of the hazard reporting by area.
March 2007 was dominated by reporting of cyclone damage (Fig. 3a) . This was mainly the result of the severe and widespread damage caused by Gamède, where notices of clean-up and repair continued through the end of May. In-spite of Gamède dominating reporting during March, volcanic-hazard managed to take 41% of the page space devoted to hazard reporting in the last five days of the month (Fig. 3a) . During April, volcanic-hazard accounted for more than 80% of page space devoted to hazard reporting on all but four days (Fig. 3b) . Reporting of the April 2007eruption dominated hazard reporting until 8 May (Fig. 3c) , when the rock fall that blocked the road into St. Denis took over as the primary focus. Then, between 13 and 21 May, hazard reporting became dominated by the big swells. All the same, the final hazard-related report of the month was devoted to rock fall activity in the Cratère Dolomieu (Fig. 3c ).
Piton de la Fournaise 04/07: Quantity of information
Of the 92,350 cm 2 of reporting that was set aside to Piton de la Fournaise during March, April and May 2007, 85% was concentrated in the month of April. Of the remainder, 3% occurred in March and 12% occurred in the post-eruption month (May). If we examine the daily distribution of eruption reporting, we see a first peak on 1 April (Fig. 4a) , the day after the short first phase of the eruption on the SE flank of the Cratère Dolomieu. Reporting then remained above 2000 cm 2 per day between 3 and 13 April. Thereafter, the average declined from 4962 cm 2 per day (3-13 April) to 977 cm 2 per day until 3 May when the eruption was declared over. Post-eruption reporting declined further to 409 cm 2 per day until 20 May. Thereafter volcano-related reporting became sporadic (Fig. 4a) .
The page position assigned to the eruption showed a similar trend, with the eruption maintaining front-page status until 13 April, when eruption reports were demoted to a position deeper in the newspaper (Fig. 4b) . In Fig. 4c , we plot what we define as news "intensity", this being the magnitude of coverage (the total area of reporting on any one day) divided by the highest page number on which reporting occurred. We find that the trend in reporting intensity followed that of the actual eruption intensity (Fig. 4c) , as expressed by the time-averaged discharge rate of lava erupted as given by Coppola et al. (2009) . Two peaks in news intensity on 22 and 27 April were due to a special section in the Sunday magazine section of the newspaper devoted to the Cratère Dolomieu and its collapse history and a two-page photomontage of lava photographs on the two dates, respectively. In May, the volcano found front-page status on four of the 15 reporting days, but was generally reported on pages 3 to 8, and as low as on page 17.
Piton de la Fournaise 04/07: Type of volcano-related topics reported
We can identify seven volcano-related topics deemed newsworthy by JIR. These are, in order of importance by report area (Fig. 5a ):
1. Lava flow inundation; 2. Summit collapse and rock falls; 3. General eruption issues; 4. Evacuation; 5. Gas and air-quality issues; 6. Ocean water quality and ocean entry hazard; and 7. Air-fall hazard If we consider text reporting only, lava slips to the third-most newsworthy item, with general eruption issues moving to first place and summit collapse to second place; all other impacts maintaining the same rank (Fig. 5b) . The type of volcano-related topic reported also changed with time and, generally, as activity evolved ( Fig. 6 ):
Lava reporting dominated the beginning (3-5 April) and end (22-29 April) of the eruption, even though lava flows were active during the entire eruption ); Airfall was newsworthy for three days, between 4 and 7 April, when fountains were highest (2-6 April)-so that the heaviest and most widespread air fall occurred to the SE of the vent during this time ); Gas was only newsworthy between 4 and 8 April, whereas peak SO 2 emissions were recorded between 6 and 14 April (Tulet and Villeneuve 2011); Evacuation became an issue between 5 and 12 April, correlating with the evacuation itself; Collapse events dominated reporting on seven days during the middle of the eruption (7-22 April), although the major collapse occurred on 5-6 April and was followed only by "only minor readjustments" (Peltier et al. 2009 ); Ocean entry issues were only addressed on 9-12 April, as well as on 15 April; with bench collapse dominating reporting on a single day: that of 28 April. This was despite the fact that lava began to enter the ocean on the first day of the eruption, Minor topics covered were vegetation fires (due to ignition by lava), seismic hazard and visitor accidents. Fires were only reported at the very end of the eruption, when damp-down operations were reported as necessary for vegetation on the Rampart near the Le Tremblet access road (RN2, Fig. 1 ) on 26 April (JIR, 26 April 2007, no. 18,371, p. 15) . Another vegetation fire ignited by the heat of the lava was reported near one of the sightseeing access paths on 13 May (JIR, 13 May 2007, no. 18,387, p. 5) . However, fires were of minor concern, occupying just 0.97% of the space devoted to reporting of volcanic hazard. Space set aside to seismic hazard was lower still (0.22%), being limited to one report on 27 March when a magnitude two volcano-related earthquake was felt in Saint-Denis (JIR, 27 March 2007, no. 18,341, p. 8 ). As we describe later, the only fatality associated with the eruption was the result of a tourist accident, which occurred six days after the eruption ended (JIR, 9 May 2007, no. 18,383, p. 7) .
The tabloid test
Our assessment of the content of the March 2007 Sunday editions of JIR reveals that these contain 23% news, 43% of which is bad news, 22% of which is local news, and 22% of which is follow-up material. Entertainment makes up almost 50% of the page space and sports 28% (Fig. 7) . By the definition of Harcup (2009) , JIR is thus a tabloid, as it is dominated by entertainment and sports, with news reporting focusing on bad and local news, as well as follow-up. Indeed, all of the French press sources considered here are tabloids in terms of content, with the possible exception Ouest France. That is, there is a dominance of news about celebrities, entertainment, lifestyle features, personal issues and television culture. Because we only considered the first section of each newspaper, in some cases the sports category had a zero contribution. Ouest France, for example, publishes its sports coverage as a separate supplement on Sunday. However, for Le Monde, Sunday sports' reporting was genuinely zero. In effect, very little current news is actually reported (Fig. 8) . In terms of news, JIR is the 3rd best source of the eight newspapers analyzed, it is the lowest ranked in terms of political content, but is highly ranked in terms of inclusion of popular and entertainment items (Fig. 8a) . With the exception of Ouest France, for which 63% of the newspaper was devoted to news, typically less than 20% of page space is devoted to current news (Fig. 8a) . On average space in any newspaper analyzed is devoted evenly to news (18%), politics (15%), sports (16%), and popular issues (17%). The greatest amount of space (29%) is devoted to entertainment (Fig. 8b) . The dominance of tabloid news values is exaggerated if the Ouest France statistics are removed. Now the average for news reporting falls to between 4 and 11% depending on the newspaper considered, with 53% of the newspaper space being devoted to popular pieces, entertainment and adverts.
Hazard reporting and communication: Timeline
In completing the event chronology that follows, we use quoted material to support the arguments that precede and follow them. The event-frame, and potential impact a b Fig. 8 a Categories of news appearing in eight French newspapers by percent of each newspaper dedicated to each theme; (b) Categories of news appearing in all eight French newspapers by total percent of all newspapers dedicated to each theme on readership perception, is examined, tested and analyzed in the second part of this work (Harris and Villeneuve, this volume) . Here, our content analysis results are used to (i) build the timeline, and (ii) demonstrate the quality of information available.
Precursory reporting (March 2007)
Reports relating to volcanic activity appeared on eight days during March 2007, including four consecutive days prior to the April 2007 eruption. Reporting was factual, and not interpretive or predictive, giving the number of seismic events per day with a comment as to whether these were increasing, decreasing or stable compared with previous days. The first three reports (on 6 and 7 March) covered re-opening of the volcano following access closure during the 18 February eruption (Anon 2007b; Martel-Asselin 2007a) , as well as an unsuccessful attempt to overturn a law, put in place following a fatality in 2003, requiring volcano lock down at night and during eruptions (Martel-Asselin 2007b) . However, the 6 March report added the caution, attributed to OVPF and accurately iterating their bulletin, that there was (Martel-Asselin 2007a):
"always the possibility of a new eruption due to the persistent increase in deformation recorded at the summit."
The next report, on 24 March, indicated (again citing OVPF) that the number of seismic events had increased, and that there was a moderate chance of a new eruption in the short term; although under the misleading title "eruption announced" (Anon 2007c ). On 27 March, supported by graphics showing the number of seismic events per day since 1 January 2007, further increases in seismicity were reported, so that the first level of alert ("an eruption is probable in the days or weeks to come") was reported as being put in place by the prefecture (Martel-Asselin 2007c). Included in this report was the advice that, if encountering a lava flow, the individual should leave laterally and not run. Over the next two days (28 and 29 March) the alert and response system, as well as the protocols to be applied during each alert phase, was further clarified ( Table 1 ). The following day (30 March) intensification in seismic energy was noted, with an OVPF-sourced (and again accurately reproduced) statement reporting (Anon 2007d ), "we are still at a 'volcano watch' level, an eruption is expected in the short term."
The onset of eruptive activity was announced on page 1 of the 31 March edition of JIR with a text box in the upper-left corner of the front page reading "Piton de la Fournaise in eruption since yesterday evening." Following a seismic crisis that began at 20:24 on 30 March, the eruption broke out at 23:00 when a seismic signal consistent with lava flow was reported by OVPF; with the eruption location being correctly given as in the south of 'L'Enclos' (Fig. 1) , at an Alert 1 "In the case of a seismic crisis and the ascent of magma towards the surface, alert 1 for an imminent eruption is issued and the 'enclos' is evacuated" (Martel-Asselin 2007d).
Alert 2 "Alert 2 corresponds to magma arriving at the surface in a few minutes or within several hours … … … if the crisis aborts, then we return to a the phase of pre-alert" (Martel-Asselin 2007d).
In case of a sudden eruption before evacuation can occur "Keep in mind that eruptions often start at the top of the volcano, inside the Dolomieu crater, and eruptive fissures frequently intersect the path that goes around the crater. In such cases, the only solution is to simply retrace ones steps by carefully following the trail. Do not risk going off of the track; on the slopes, you have every chance of getting lost in the very difficult terrain. If you feel that you are in real trouble, it is better to stay in a high area, and to move away without excessive haste. The edge of eruptive craters are particularly fragile: already destabilized, as demonstrated by the existing cracks, they may collapse (especially) because of the seismicity associated with the eruption" (Martel-Asselin 2007e).
elevation of 2000 m in the vicinity of "Chateau Fort" (Martel-Asselin 2007f ). Martel-Asselin (2007f ) also reported that the police had closed the gate to 'L'Enclos' (i.e., the only easy access route into the caldera from the summit), and gave the web-site address and telephone number of OVPF.
Reporting of the eruption (April 2007)
The opening phase of the eruption was reported as being over by 09:00 on the following morning (31 March). However, there was the caution that strong seismicity was still on-going, with the report stressing that an OVPF bulletin suggested that a possible reactivation of the eruption could occur at the summit or at lower attitudes (Martel-Asselin 2007g). High levels of seismic activity with magnitudes of up to two at depths of 1-2 km below sea level on the E and ESE flank were reported the next day (1 April). These details appeared with the OVPF-credited statement that (Anon 2007d) :
"A recommencement of activity in the hours or days to come cannot be excluded."
Then, on 2 April, the second phase of the eruption was reported to have begun at an elevation of 600 m in Le Grand Brûlé close to the south wall of 'L'Enclos' (Fig. 1 ) at around 10:00. Flows were reported to have formed two branches, the first of which crossed the RN2 at 15:15 to enter the ocean at 21:45; the second crossing the road at 17:20, with both flows burning the heavy vegetation through which they were moving (Dupuis 2007b ). This new development was marked by a full front-page feature picturing lava advance across RN2. Meanwhile, on 3 April, continued and strong (up to magnitude two and three) seismic activity beneath the Cratère Dolomieu was reported to be causing concern of a potential summit collapse (Martel-Asselin 2007h) . Closure of the RN2 between Piton-Sainte-Rose and towns to the south of the L'Enclos (Fig. 1) was reported as causing difficulties for those employed in the former towns and resident in the latter (P.M. 2007a ). The problems, and a hint at the onset of resilience, were summed up by the principal of the Collège Thérésien Cadet in Piton Sainte-Rose who was quoted as saying (P.M. 2007a ):
"Despite between 2 hours and 2 hours 30 minutes of additional road travel, our twelve teachers, our secretary, and our librarian who live on the other side (of 'L'Enclos') took up their service normally. The problem is for those who finish work at 16:30 and then resume again early the next day, they prefer to stay in Sainte-Rose, often with another teacher as a host. Solidarity takes over." By 5 April the two lava flows (Fig. 1) had become well-established, the northern branch being named the Sainte-Rose-side flow (La coulée côté Sainte-Rose) and the southern branch being labeled the Saint-Philippe-side flow (La coulée côté Saint-Philippe) by JIR on 6 April.
Gas and air-fall (4-6 April 2007)
Although the front page of JIR and the first full page of internal reporting was devoted to the lava activity and visitors viewing the flows and ocean entry (Anon 2007e; Dupuis 2007c) , by 4 April gas emission had become a serious problem. In Saint Joseph, gas impacted three schools causing respiratory problems for around 50 students, of which 14 were taken to hospital (P.M. 2007a ). The following day a four-year-old child was reported as having been admitted to Saint-Paul hospital having suffered difficulties following "inhalation of far too much SO 2 " (G.L. 2007). On 4 April populations to the south of the eruptive fissure were also reported as beginning to suffer from the effects of air fall (P.M. 2007a) . Initially, on 4 April, this involved large quantities of Pele's Hair, locally known as "zépines de Madame Desbassayns" (Martel-Asselin 2007i), but this was reported to have turned to ash around 18:00 on 5 April (Martel-Asselin 2007j).
A lack of information regarding gas and ash hazard was rectified on 5 April in two articles describing the effects, and correct response, to gas and air fall (Table 2) . Sulfur dioxide levels were reported as elevated island-wide, but were particularly high in towns proximal to the source. Damage to sugar cane crops due to acid rain was reported as far away as Mauritius, around 220 km to the NNE (Anon 2007f ).
Evacuation of Le Tremblet (5-6 April 2007)
By 5 April, it was clear that evacuation of Le Tremblet, just to the south of 'L'Enclos' (Fig. 1 ) may be necessary. It was stressed that the problem for Le Tremblet was not a "threat", but instead a "risk", with the reason for that risk being clearly stated as frequent and strong (magnitude two and three) earthquakes at shallow levels (0 to 1 km asl) in the southern sector of the volcano (Martel-Asselin 2007j)-leading to concern of propagation of the eruptive fissure to a location just above the village. Hence, Martel-Asselin (2007k) reminded the readers that, "although it is impossible to predict at present if an eruption can occur in 'L'Enclos' or outside of 'L'Enclos' … … … opening of a new eruptive fissure at lower altitudes than the current (600 m) fissure still remains within the realm of probability."
Martel-Asselin (2007k) further supported the potential risk of lava entering Le Tremblet by writing:
"If a fissure opens at 300 m, for example, the lava might arrive in Le Tremblet (at 150 m in altitude) probably a lot faster than we think."
The main report of 5 April thus focused on the potential evacuation of Le Tremblet. Reporting revealed a clear response plan, with the prefecture outlining that it would take between two and three hours to evacuate the population of 350-400, where the evacuation would be managed on the ground by the police and fire departments-with access roads already having been cleared and closed in order to facilitate evacuation ). The prefecture, through the JIR, stressed that evacuees should just prepare personal papers and essential items, and that seven vehicles with a total capacity of 32 had been made available. The facilities to be used as evacuation centers (sports halls, community halls, etc.) were listed. The same report also indicated that the population was prepared and ready, with local residents inviting the reporter to :
"Come and see-my suitcases and all of my personal papers are ready in the trunk of my car" or "Our packing is ready, now we will wait". This state of readiness was iterated, through the JIR, on 6 April with the authorities repeating that the 206 residents of Le Tremblet would be housed in three evacuation centers if need-be, with the fire services (Amiotte, 2007a) "Across the whole island, the prefecture recommends, especially for sensitive people (the elderly, children and adults with respiratory diseases or chronic cardiovascular problems) to avoid all intense physical and sporting activities that significantly increase the volume of air and pollutants inhaled; ensure not to aggravate the effects of this pollution through use of other irritants such use solvents or paints without proper protection, or tobacco smoke. Persons under preventive or curative treatment for respiratory problems are recommended to strictly follow their treatment or to seek the advice of a doctor."
Ash (Pele's hair) (Martel-Asselin 2007i)
"The lava fountains, as visible from the RN 2, project myriads of droplets that become stretched during movement through the air in the form of long strands (from a few to about fifteen centimeters in length) that can be driven by the wind over distances that can reach several tens of kilometers …. … … The Chamber of Agriculture encourages farmers to return their animals to cover wherever possible as ingestion or inhalation may cause 'irritation and ulceration as respiratory and intestinal problems' … … … farmers should be wary of reserves of water and fresh feed left in the open-air, and consequently to favor (use of) conserved forage. Then (the farmer needs to) wait for the rains to flush the soils and pastures. Human consumption of vegetables and fruit should be monitored, and clean the fruit (prior to eating) if necessary."
Acid rain (Amiotte, 2007c) "The dangers are mainly cardiovascular and are of particular concern for asthmatics. However, there may also be skin irritation related to hydrochloric acid and sulfuric acid. Both gases can cause minor erythema (redness of the skin) which are like minor burns. If necessary treat such a condition as a burn with Biafine. Exposure may also cause conjunctivitis. If you experience any of these symptoms, it is best to consult a doctor."
The ingestion of Pele's hair by cows and goats can provoke irritation, which in the worst cases can lead to death … … … (thus) … … … keep cattle in barns and feed them hay, dry straw and animal food.'
There is a very hot surface layer of water. Certain boats and jet-skis are approaching dangerously close to the coast, such a location is not essential in order to observe the activity. Above all there are restrictions enforced by the Prefecture and Municipality. In comparison to 2004, the arrival of lava at the sea is more dangerous. The layer of burning water extends down to 300 or 400 m in depth.
being reported as making tours to check for those in need of help in case of an evacuation . Then, on 7 April, it was reported that Le Tremblet had been evacuated during the previous day, the report stating that ):
"The incessant rain of ash and lapilli, volcanic products of a few millimeters in diameter, projected as far as the sea, pushed the prefecture to advise residents to leave their homes."
Beginning at 15:10 around 100 people were reported as being evacuated by the gendarmerie and fire services, with around 300 residents already having taken the initiative to leave before the official evacuation declaration. However, it was noted that later in the day, although fountains had reached 200 m (a height which was considered "colossal and very powerful"), no eruption had occurred outside of 'L'Enclos'. This, it was reported, caused the prefecture to rescind the evacuation order ). However, most residents stayed away for the next few days as airfall continued to impact the area, and the residents of Le Tremblet were not reported to have "spent a first night at home" until 10 April. By this time many personal cleanup operations were underway, with Lutton (2007c) writing:
"The roofs of houses are covered in sand which must be removed today. 'I cleaned my entire house. Along with the roads and avenues, all of the ground is black' , explained one resident."
Water was also reported as still being cut off, and there were continued electricity supply problems. Cleanup operations for Le Tremblet were reported through 15 April, when the Red Cross began to help with water distribution and hands-on aid with house cleaning (Anon 2007g ).
Collapse of the Cratère Dolomieu (7 and 12 April 2007)
On 6 April the Cratère Dolomieu, as had been predicted in the JIR report of Martel-Asselin (2007h) on 3 April, collapsed. The front page of 7 April carried the headline, "The Volcano Collapses". The first report of the collapse in this edition was entitled "an abyss in place of the Dolomieu" and estimated that the new summit pit was 200 m deep. The same report carried an aviation warning and addressed the aircraft hazard posed by ash plumes from continued collapse events, pointing out that (Martel-Asselin 2007l):
"Such events are subject to international reporting so as not to endanger air traffic, where (aircraft) engines do not like at all to ingest the highly abrasive (volcanic) dust, which can choke the engines. Thus, any air traffic is prohibited in the area. An 'appeal' (warning) was launched yesterday to all aircraft."
A report appearing on page 10 of the 8 April edition of JIR declared that the crater had stabilized with the collapse being "more-or-less finished" (T.L. 2007b), the pit having attained a depth of 300 m and an area of 1000 m × 700 m (Anon 2007h) . A second collapse was reported as occurring at 15:15 on 12 April, feeding a grey ash plume, which led to a local air traffic warning to be issued by the Toulouse VAAC, and an air fall warning being issued for a zone to the east by Méteo-France (Martel-Asselin 2007m). The event was exceedingly well documented in a two page report of Martel-Asselin (2007m), a report which was supported by web-cam image time series, aerial photographs and tremor plots from OVPF.
The waning phase (9 April -1 May 2007)
On 8 April, the eruption had already been reported as waning, and this was confirmed in the main activity report of Monday 9 April (Martel-Asselin 2007n):
"The threat diminished with the decrease in tremor: the eruption that began last Monday has stabilized at 500 m above sea level, and the risk of activity beyond 'L'Enclos' now seems less of a concern. The show has also decreased significantly since Saturday."
It was at this point that the effects of the ocean entry of lava on marine life began to be reported, with dead fish being reported as floating up from depths of 70 to 200 m, even as deep as 500 m (Frasson-Botton 2007) , where dead fish exhibited "swollen bladders, extended stomachs and inflated eyes" (Lauret 2007) . The following day (10 April), while a "hot water" warning was posted in the newspaper for boats and jet-skis approaching the shore (Table 2) , the main eruption report suggested that the on-shore lava channels were beginning to roof over (Anon 2007i) .
The eruption was reported as having stopped at 14:00 on 10 April, and the lava fountains were reported as having waned a little earlier at 12:30 (Martel-Asselin 2007o). However, new lava flows were viewed a few hours later. These were reported as reaching the ocean once more during the evening (Martel-Asselin 2007p). Ocean-entry flow was reported as continuing through 14 April (Anon 2007j) , and two tube-fed ocean entries were reported as active on 15 April (Martel-Asselin 2007q) . Thereafter the amount of reporting diminished, with the eruption of Nevado del Huila in Colombia taking up more newspaper space than the on-going eruption of Piton de la Fournaise on 19 April (Fig. 3b) . On 24 April, quoting OVPF, it was reported-on page 4-that (Leyral and Martel-Asselin 2007) :
"Numerous lava flows remain visible in the GrandBrûlé, (and) lava flows between the cone at 650 m and around 250 to 300 m flow in a lava tube, whose roof is broken by lava overflow to form a hornito."
The end of the eruption (1-3 may 2007) No newspaper was published on 1 May, but on Wednesday 2 May a page 6 article, entitled "A new eruption possible", led with: "The relief expressed by residents of Le Tremblet on Monday from the announcement that lava flows were drying up and of the virtual disappearance of eruptive tremor could be premature. Seismicity remains high and, according to the Volcano Observatory, a continuation of the 2 April eruption cannot be excluded."
The observatory was quoted as adding that high levels of vigilance should be maintained (Martel-Asselin 2007r) . The official declaration of end of the eruption was announced the following day (3 May) in an article containing a statement accredited to OVPF, that (Martel-Asselin 2007s):
"'Due to the thickness of the lava flows near Le Tremblet rampart, which is of the order of 30 to 40 m, there clearly exists a reservoir of fluid lava beneath the surface. This reservoir flows passively to feed lava to the sea through tubes and forms a plume. Degassing at the cone is secondary degassing due to the high temperatures that remain beneath the cone. The absence of tremor signifies that the eruption is over, reaffirmed the observatory, so that deep supply cannot exist any longer."
Le Tremblet was also reported as accessible to the public again, with four new viewing points being announced on 5 May (Martel-Asselin 2007t), as marked on Fig. 1 .
Post-eruption reporting (May 2007)
In the days immediately after the eruption, news was dominated by information regarding access for sightseers and visitor impressions, although access to the flow field itself remained closed to visitors during May. Between 4 and 8 May eight articles were published, all focusing on the access theme. Visitors were "shocked" by the loss of the road, as well as the damage to vegetation. It was during this phase that the only fatality related to the eruption occurred, when a man returning from the Le Tremblet viewing point (Fig. 1 ) suffered a fatal heart attack near Le Tremblet church (Anon 2007k) . This is what Blong (1984) would class as "avoidable" loss because it is a loss resulting from the victim approaching the hazard, and/or the hazard attracting visitors whose lack of preparedness for, for example, a long hike in hot and humid conditions or poor decision-making contributes to the loss (Harris 2015c). It is not an uncommon problem around sites of active lava flow (Heggie and Heggie 2004; Heggie 2005) . Fatalities among the bird community were also reported, where burnt sea birds were found on the cooling lava flows. After 9 May, reporting regarding the eruption and access diminished in terms of quantity and frequency (Fig. 4a) . Reporting continued, though, due to ongoing rock fall activity in the Cratère Dolomieu, which was ascribed to system "readjustment" (Anon 2007l) .
Only three articles of the 30 eruption-related reports that appeared during May 2007 referred to post-eruption response. One dealt with the re-laying of the RN2 road, which was hoped to be completed within two months, the road having been buried over a length of 1.5 km (Leyral 2007c) . The other two reports dealt with community support measures for the population of Le Tremblet. The report of 26 May, although only occupying an area of 358 cm 2 and appearing on page 24, ten pages after the road report of Leyral (2007d) , vividly illustrated the need for mental health intervention. One resident was reported as saying (Anon 2007m) :
"There are people who have lost everything here, if they do not have moral support-then they really have nothing." A priest added: "These people need human relations to feel loved."
The re-opening of the road was reported to likely cost 1 million euro (Leyral 2007d ), but 135 euro would allow guided access into the lava flow field; an experience that was considered by most visitors as being a "magic" experience (P.M. 2007b) . This latter feeling is in complete contrast with the experiences of the impacted population, whose needs and losses were under-reported.
Discussion
Quantity and frequency of hazard information
The quantity and frequency of hazard reporting in JIR indicates a strong culture of hazard, both through everyday life experience and exposure to the media, among La Réunion's population. Hazard-related information appeared on the front pages of JIR on 34 out of the 90 study days, and was reported during 85 days. As a result it is difficult to believe that the population of La Réunion was nothing other than fully aware of, and sensitive to, the natural hazards to which the island was exposed. We may argue that this reflects the tropical-cycline exposed and volcanic environment in which the population lives. However, in the case examined here, it was also promoted by the fact that JIR was a tabloid and that the natural hazards and their impacts fitted well with the news values of the tabloid. As a result, there was extensive coverage. Based on databases we have for newspaper reporting of natural hazards in the USA, the UK, France and Italy, we argue that extensive coverage of volcanic eruptions, landslides, and storms impacting the readership is indeed a feature of tabloid coverage (e.g., Harris et al. 2012; Harris et al. 2015a, b; Harris and Lanfranco 2017; and other unpublished data) . For example, during the air space closure due to the 2010 eruption of Eyjafjallajökull, the British tabloid, The Sun, published by far the greatest amount of information of seven newspapers analyzed, devoting around 30,000 cm 2 of newspaper space to the event over eight days, as opposed to just 1000 cm 2 of information that appeared in the French broadsheet, Le Monde (Harris et al. 2012 ). The tabloid thus provides an enormous amount of information to its readership regarding natural hazards.
While Horrie (2003) notes that the tabloid format involves big photograph and human-interest stories, Conboy (2004) remarks that tabloids gravitate towards "sensational" stories. Certainly, the April 2007 eruption suited these tabloid needs. In fact, if we examine the content of the 77,860 cm 2 of material dedicated to the eruption between 6 March and 3 May 2007, 67% of it was in photographic format. Spectacular photographs of the eruption dominated the front pages on nine days of April 2007, and internal sections of the newspaper were frequently devoted to photomontages. This was particularly true for reporting on the lava flow activity, where the spectacular and photogenic nature of active lavaand its fit to the tabloid news values-meant that 86% of lava reporting was photograph-based (Fig. 5b) .
There was also human interest in the gas impacts on schools and the evacuation of Le Tremblet, and the opportunity for sensationalist front page headlines such as "Alerte aux GAZ" (Gas Alert) (JIR, 5 April 2007, no. 18,350, p. 1) . The tabloid news values of Harcup (2009) were also met, in that there was:
1. Involvement of the power elite, mainly the state, in the evacuation of Le Tremblet; 2. Human interest (the stories of the residents of Le Tremblet), animal stories (notably the fish killed by the ocean entry) and witty headlines, e.g., "The Volcano's gone mad" (JIR, 4 April 2007, no. 18349, p. 1);
3. Surprise elements such as the effects of gas, the intensity of the eruption and the collapse of the Cratère Dolomieu; 4. Rescues and cures, such as medical interventions and school evacuations due to gas effects and housing of teachers whose route to school had been cut; and 5. The impact was of high magnitude: gas being a problem as far away as Mauritius and being a widespread problem for the southern part of La Réunion; lava also closed the only east-coast road link to cause severe travel problems for residents living on one side of 'L'Enclos' and working on the other; and an entire village was evacuated.
Thus, although we grouped Harcup's (2009) tabloid news values into six parental classes, if we examine the detail of Harcup's (2009) full listing we find that all 14 news values were applied in the case studied here. There was news covering the actions of the power elite and the famous, adverts for museum exhibitions and guided visits, human interest, rescues, follow-up pieces and even effects on sporting events (where many sporting events were reported as cancelled due to the cyclone activity). However, and above all, during a disaster there is plenty of material to fit the need for "stories with negative overtones, such as conflict, tragedy, chaos, or suffering" (Harcup 2009 )-which we here include in the news sub-class "bad news". In addition, the need for "stories about issues, individuals, groups, businesses, industries, places, regions and nations perceived to be relevant to the audience" (Harcup 2009 ), which we group under "local news", explains the lack of news regarding disasters beyond La Réunion.
Interestingly, once the eruption ended, reporting shifted from the hardships of the impacted community to sightseeing, view-point access and tourism. This fits the entertainment role of the tabloid, being Harcup's (2009) news value 6 (travel and nature pieces). This can be also be seen as a reaction to the recovery and rehabilitation stages of a natural disaster, where trying to get back to normality include reinstating the essential infrastructure, key social structures and businesses (Coppola 2015) , where tourism is one of the key businesses in La Réunion. This now fits Harcup's (2009) news value 11 (stories in support of local issues, individuals, groups, businesses, industries, places, regions). Shifting the reporting to tourists may thus have served as reassurance that the island was getting back to "business as usual". However, the effect of increased tourism and impacted community resulted in both positive and negative impacts. For example, during the phase of ocean entry the eruption was portrayed as positive for the restaurants, especially those on the road to the southern viewing site, whose business was up 20% (Ponin-Ballom 2007) . However, for others the result was negative, especially the fishing industry who were faced with shoals of dead fish, thus prompting the 9 April headline: "The restaurants laugh and the fishermen cry".
The fisherman thus treated the effects of hot water destroying the fish population on which their livelihood depended with defeatism and resignation, as revealed by quotes such as (Ponin-Ballom 2007):
"Fishing, it's over! It's not worth continuing"; "I do not understand why young people are encouraged to do this job as it is not a profession with a future"; "The fishermen bring few fish. Not even enough to pay for the bait" However, in general the information appearing in the reports was correct, reliable and valid, there appearing to be little distortion or credibility problems. This, to a large degree, was due to the appropriate and correct use of information sources by specialist journalists who knew their subject and knew where to go to obtain correct, reliable and valid information.
Information sources
JIR journalists used five main information sources to support their reporting of the April 2007 eruption:
1. Newspaper archives (e.g., "see yesterday's edition"); 2. Scientific work and reference books; 3. Government agency communiqués; 4. OVPF website and information, or activity bulletins; and 5. Verbal histories.
In terms of OVPF website-and bulletin-derived information, tremor plots provided by OVPF were frequently published in the JIR, especially during the onset and end of activity, as well as during phases of summit instability. Scientific work and reference books were used especially to support background information pieces regarding the phenomena and their effects, with the PhD thesis of Patrick Bachélery (1981) , for example, being used for explanations of pit crater instability at the Cratère Dolomieu. In terms of verbal (interview-based) accounts, four main sources were used:
1. For activity information, OVPF and Université de La Réunion staffs were used, with Observatoire Réunionais de l'Air (ORA) sources being cited for atmospheric effects. Biologists associated with La
Maison du Volcan and the Aquarium de La Réunion (La Réunion's main outreach centers for Earth and Ocean sciences, respectively) were used for ocean water effects, and medical experts were approached for health effects. 2. Government officials (the prefecture, the mayor, chamber of agriculture) were cited for response plans and decisions, although often a spokesperson was used. 3. The police, fire department, hospitals, forestry workers, the division of highways and public access, school principals and priests were quoted regarding hands-on response and community needs. 4. The resident population and local businesses were quoted for community and economic impacts during the eruption, with tourists and sightseers becoming the dominant source after the eruption.
Overall, the most frequently used group was the resident population, followed by observers (i.e., volcanologists), with decision makers, responders and business people being quoted in roughly equal measure; tourists and sightseers being the least used source (Fig. 9a) . Sources used appear to have been selected according to the response theme being considered, so that OVPF (observers) was used for activity descriptions, decision makers for the response, and resident population for the actual impacts and effects. For example, when a journalist was denied access to the eruption site the quote in the following text named the police as being responsible for enforcing exclusion zones (Anon 2007n ):
"Two gendarmes (policemen) refused our vehicle access at a first checkpoint on the St. Rose side last night. One of the men in blue, without even looking at the press card that we presented him, said that the card does not serve as authorization from the prefecture. 'It is the same as if you have you had presented me a fishing permit, and that is useless here' , (he said)."
Roles between information providers, decision makers and responders were also clearly delineated. For example, regarding the evacuation of Le Tremblet, in a statement given on page 14 of JIR on 5 April 2007 the prefecture was quoted as stating:
"The decision will be taken in light of renewed seismicity on the southeast flank of 'L'Enclos'."
The use of information sources with time followed the prominent theme of the activity-type being reported (Fig. 9b) . During the phase of concern regarding gas impacts (4-6 April) the director of ORA was regularly quoted, and marine biologists from La Maison du Volcan and The Aquarium de La Réunion were used during the period of fish mortality due to high water temperatures following ocean entry of lava flows (5-12 April). OVPF representatives were quoted regularly throughout the month of April (Fig. 9b) , although there was a hiatus between 13 and 18 April, and after 18 April quotations from OVPF were a little more sporadic. Journalists did, however, continue to use and quote accurately from OVPF bulletins.
The journalists
Our analysis highlights the quality of hazard reporting that can be achieved by a dedicated journalist with a specialty in, and deep understanding of, the hazard to be reported. Reporting on the eruption was covered by 11 named journalists (A through E in Fig. 10 ). These journalists contributed 69 reports; with a further 22 being authored by anonymous (or not named) writers (Anon in Fig. 10 remove the anonymous category, this means that three journalists contributed 68% of the published material, with journalist A accounting for 45% of the material. While journalist A was largely responsible for reporting on volcanic activity, journalists B and D focused on evacuation of Le Tremblet and the subsequent recovery. Journalist E, instead, focused entirely on gas impacts. Some information, for example regarding ash fall or ocean entry was late in appearing, but when it did appear it was technically correctly and soberly worded; the information for viewing ocean entry in safety, for instance, being a translation of the schematics given by Johnson et al. (2000) (JIR, 28 April 2007, no. 18,373, p. 9) .
In terms of report content, it was clear that each of these journalists knew their subject and, just as importantly, the local community. Vitally, they knew-from experience:
1. Where to go for correct, quality and up-to-the-minute information, and 2. Who to talk to.
Impressively, all predictive statements reported regarding the activity or response carried common-language uncertainty caveats as outlined by Harris (2015b) , and the writing style was factual. Reports lacked exaggeration, omission or bias, and included correct definitions and sober advice (e.g., Table 1 ).
Lessons for volcanologists
By following reporting of a natural hazard in the media we can understand how important information is relayed to communities, what type of information is communicated and, thus, how we can work to develop and improve this communication portal. In the case study followed here, the progression of reporting through the eruption reflected the evolution of the hazard types, although there were differences in the reporting of familiar hazards and unfamiliar hazards. Following an event in such a way is an opportunity for volcanologists to track how an event is being reported so that we can respond with clarifying information to help communities if necessary. In some cases, the need can be pre-empted. For example, we found that there were delays in reporting of unfamiliar hazards, so such hazards could be identified and information provided to the media as soon as the need arises. This includes, for example, pre-empting Blong's (1984) "avoidable" hazards that could reduce visitor (tourist) risk. In this regard, setting up a press office that follows, and responds to, the news during a volcanic emergency is imperative. Better, the press office will already have a good relationship with the media source so that outreach communications are well-received, presented in a language that is immediately useful, and are issued on the basis of journalistic need. In doing this, the French term "vulgarisation" may be appropriate, i.e., we need to rephrase the knowledge of the specialists into a form that is accessible to the non-specialist (Le Petit Robert 2017).
Protocols: A perspective from OVPF
Nevertheless, we need to be careful about what we say and follow protocol (IAVCEI 1999; Giordano et al. 2016) . Currently, in France, the ORSEC (Organisation de la Réponse de SEcurité Civile) plan clearly outlines the rules of communication, where communications from OVPF go upwards through the communication pyramid in a one voice style from the Scientist-in-Charge (SIC) through the local authority charged with managing the response, this being the préfecture . The good working relationship that has been developed between the OVPF and the prefecture is based on trust, and this has resulted in OVPF having also been given permission to communicate directly with the media-but while remaining factual in any such communication. This gentleman's agreement does, though, have a limit-this being in the case of exceptional events.
The 2007 eruption qualified as an exceptional event not only in terms of intensity but also, as described here, in terms of phenomenon witnessed by the impacted population. It was the first time since island settlement in the seventeenth century (Vaxelaire 2012 ) that cyclones and volcanic activity were visible at the same time with such violence and with such consequences. New experiences included:
Emission of unusually fast and voluminous lava flows that very quickly cut communication routes between isolated communities, and caused communications to be severed for many months, resulting in a need to re-establish communication links-in spite of burial by up to 50 m of lava; Emission of SO 2 plumes and generation of acid rain, leading to a need to evacuate schools and seek hospital treatment for students; Tephra fallout on proximal populations, and a need to protect and evacuate communities near the eruptive fissure; Caldera collapse, ash plumes, volcanic lightening, aviation hazards, and prohibition of over flights; Ocean entry of lava, dead fish on the ocean surface, and problems for the fishing industry; Intervention by military forces (the Gendarmerie) and the need for presence of a psychological care unit and the Red Cross in local communities.
All of these events occurred in the space of just three weeks. In addition, the 2007 eruption was the first case of its kind to trigger the whole chain of hazard management on La Réunion. This chain had been used to dealing with low intensity effusive eruptions that had dominated activity since the creation of OVPF in 1979. Indeed, such low intensity activity had dominated activity since initial settlement of the island, and so formed the population's only experience of volcanic eruptions. The "surprises" presented by the high intensity of, and variety of activity types associated with, the 2007 eruption was thus something of a shock. This shock resulted in a short circuit of the communication plan which, thus, failed. As a result, it is now written into the ORSEC plan that, if such an eruption occurs today, only the prefecture can provide communication upwards through the system towards the impacted population and the media.
As stated above, OVPF does have permission to respond to approaches by journalists. OVPF also provides eruption reports and updates via its website, and does have a very good relation with journalists both at JIR, Le Quotidien and freelance. However, for unusual and usual eruptions at Piton de la Fournaise, it would be beneficial to better manage communication between the observatory and the media by setting up a formal protocol. The establishment of a "press briefing" system using modern techniques-such as video conferencing-would be ideal, where the frequency and timing of briefings would depend on the intensity and type of activity, as well as changes in the eruption character. Such a briefing would require a synthesis of scientific, technical and observational information, as gathered by the observatory team member, to then be communicated during a crisis in a manner useful to the press. At OVPF, such a task could only be completed by the SIC, which is onerous given the numerous surveillance and reporting tasks required of the SIC during a crisis. Thus, during the eruptions of 2009 and 2010, this task was charged to a dedicated communication officer. This delegation was essential in ensuring adequate press briefing from such a small observatory team responding to a crisis and charged with many more urgent surveillance and civil protection-orientated reporting tasks.
Media briefing support
Media briefing needs to be supported by on-line information updates, newsletters and fact sheets. A nice example is the "Viewing Hawai'i's Lava Safely-Common Sense is Not Enough" fact sheet prepared by Johnson et al. (2000) . The risk-avoidance advice for the bench collapse segment of this pamphlet was translated and reproduced in JIR on 28 April 2007 (Anon 2007o) . However, this advice only appeared at the end of the eruption (on the 25th day), when the ocean entry had been active since the first day of the eruption. Indeed, in spite of continuous activity at the ocean entry since the first day of the eruption, the ocean entry itself was only reported, as a primary focus, only after the 8th day of the eruption. This indicates that journalists were ready to communicate such information, but needed time to find (and translate) the information. However, the type of hazard reported, and the information content of the reporting, depended very much on the type of impact felt and witnessed on any particular day, evolving through time as the reporter played catch-up with a fluid event scenario.
A real-time (and on-line) information-support task is one which has been pioneered by the Hawaiian Volcano Observatory through their daily, monthly and overview syntheses of activity, as well as provision of educational and explanatory material, through their website (https:// volcanoes.usgs.gov/observatories/hvo/). Posting of daily or twice-daily public-release newsletters containing activity updates, informed eye-witness accounts, risk recognition advice and process-based explanations pitched in lay-man's terms, but without giving opinion or interpretation, can only aid in the media briefing process (e.g., Johnson et al. 2000; Gill 2008; Poland et al. 2016) . The media is then be free to access, use and credit, or link to, the resource (as was done by JIR on 28 April 2007 who credited the USGS-specifically, Johnson et al. (2000) -as the source for their bench-collapse schematics). In this regard, OVPF already posts activity bulletins on their website, which are widely used by JIR-but only after they have been released by the prefecture. However, the OVPF bulletins are purely factual (giving times, locations and events) and do not contain any advice to those visiting a dangerous site, or phenomenological explanations regarding the nature of the risks, such as those given in Johnson et al. (2000) . The OVPF currently needs the authorization of the prefecture to implement such a system. However, direct communication of newsletters to the media (which would be a time saver, as it would cut out the time needed for higher-level approval), coupled with the will of the media to implement information contained within newsletters from the OVPF, would pre-empt the journalists' need for material, and potentially improve the quality and timeliness of hazard information appearing in the media. In all, such protocols would increase our ability to educate the public regarding hazard, risk and mitigation.
Conclusion
Generally, reporting of the April 2007 eruption of Piton de la Fournaise in JIR can be viewed as close to a blueprint for hazard communication through a newspaper. The April 2007 eruption and its effects received high volume-news status, appearing on the front page as each new eruptive phase and associated hazard unfolded. This was due to the fact that a volcanic eruption, especially one which impinges on the local population, fits many (if not all) of the tabloid-newspaper news values. Reporting was accurate, well-supported and researched, and followed the evolution of the eruption, reviewing each new hazard as it evolved, with quotes mainly expressing warning, followed by alerts and impacts, and then response. It was, thus, an exceedingly useful educative tool.
In terms of a database and information source for natural hazards, when tabloid newspapers are involved, the local newspaper is an enormous and valuable resource. If tabloid sensationalism is removed-as is the aim of a traditional content analysis (e.g., Berelson 1952 : Holsti 1969 Neuendorf 2002 )-then useful information can be extracted and communicated. However, to avoid problems of error and loss of credibility, reporting needs to be tasked to dedicated journalists who are known and trusted by their sources and who, in turn, know and trust those same sources. For successful, credible, information dissemination through the newspaper the journalist needs to know where to go to obtain appropriate information before the hazard begins to impact, and the responders need to know who to contact in the press when the same hazard impacts a population. In the case studied here, the fact that a few dedicated and well-informed journalists with a strong background in their reporting area were charged with reporting on each event meant that a correct and detailed chronology was laid out. Each journalist was a specialist in their field, knowing where to go to find the correct data, facts and statements, and knowing how to shift their reporting between lava, gas, air-fall, ocean-entry, and collapse as the eruption evolved. These good reporting protocols applied by JIR resulted in dissemination of correct, appropriate and quality information regarding the various volcanic hazards witnessed during the April 2007 eruption of Piton de la Fournaise. 
Additional files
